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AMENDMENT NO. 1 OCTOBER 1977 

TO 

IS : 7616-1974 GUIDE FOR CALCULATION OF 

THE EFFECTIVE PARAMETERS OF 

MAGNETIC PIECE PARTS 

Addendum 

( Page 6, clause 4.1.2 ) — Add the following jiote after the existing 
clause: 

'Note — When the winding is uniformly distributed ovrT a toroid, it may be. 
expected that at all point* inside the tocoid the flux lines will be parallel ro ics 
surfaces. No leakage flux will, therefore, leave or enter the toroid. This justifies the 
use of a theoretically more correct, derivation of the effective parameters as given 
above, which does not make use of the assumption of 3.2 (b), that the dux is 
uniformly distributed over the cross section. * 
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PARAMETERS OF MAGNETIC PIECE PARTS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 28 December 1974, after the draft finalized by the Magnetic Components 
and Ferrite Materials Sectional Committee had been approved by the 
Electrotechnical Division Council. 

0.2 This standard has been prepared to lay down uniform rules for the 
calculation of the effective parameters of closed circuits of ferromagnetic 
material intended to increase the permeability of that circuit. 

0.3 While preparing this standard, assistance has been derived from IEC 
Pub 205 (1966) 'Calculation of the effective parameters of magnetic piece 
parts 5 , and IEC Pub 205A (1968) 'Supplement to Publication 205 (1966)* 
issued by the International Electrotechnical Commission. 

0.4 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test, shall be rounded ofFin accordance with IS : 2-1960*. 
The number of significant places retained in the rounded off value should be 
the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard lays dowfi uniform rules for the calculation of the effective 
p?*rameters of closed circuits of ferromagnetic material intended to increase 
the permeability of that circuit. 

2. LETTER SYMBOLS 

2.1 In this standard, the following letter symbols have been used in the 
formulae for the various types of cores : 

A = Cross-sectional area at a given part of the core (mm 2 ) 

A e — Effective cross-sectional area (mm 2 ) 

B = Momentary value of flux density (T) 

B e = Momentary value of effective flux density (T) 

£ e = Peak value of effective induction (T) 



♦Rules for rounding off numerical values (revised). 
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C x = Core constant (mm - " 1 ) 

C 2 = Core constant (mm"" 3 ) 
tan Sn = Tangent of the loss angle due to hysteresis loss 

/ = Frequency (Hz) 

H =• Momentary value of field strength (A/m) 

A = Peak value of field strength (A/m) 

// e = Momentary value of effective field strength (A/m) 

j£ e = Peak value of effective field strength (A/m) 

7j B ■- Hysteresis material constant (T- 1 ) 

i — Momentary value of current (A) 

i = Peak value of current (A) 

/ = Length of a part of the core with constant cross-sectional area 

(mm) 

l B = Effective magnetic length of the core (mm) 

L =■= Self-inductance (H) 

Ho = Absolute permeability of vacuum, 4?rX 10~ 7 H/m 

u a = Relative amplitude permeability [see IS : 1885 (Part XII)- 

1966*] 

/t e = Effective permeability [see IS : 1885 (Part XII) -1966*] 

/ii = Relative initial permeability [see IS : 1885 (Part XII)-1966*] 

p T = Relative permeability, general 

JV = Number of turns 

v ~ Rayleigh hysteresis coefficient (m/A) 

o) = Angular frequency™ 2 7r/(rad/s) 

P h = Hysteresis loss (W) 

£/ av = Average value per half period of voltage (V) 

d = Peak value of voltage (V) 

V -- Volume (mm 3 ) 

V e ~ Effective volume (mm 3 ) 

= Momentary value of magnetic flux (Wb) 

^ == Peak value of magnetic flux (Wb) 

3. SOME NOTES ON THE USE OF EFFECTIVE PARAMETERS 

3.1 When calculating the magnetic properties of cores on the basis of those 
of the material, use may be made of so-called effective parameters. For this 
method of calculation, the core is substituted by an ideal toroid such that a 
coil wound on that toroid would give exactly the same electrical performance 
as a coil with the same number of turns placed on the original core. 

The magnetic properties and dimensional parameters of that substitute 
toroid are called the effective parameters. These are indicated by the suffix 
V added to the symbols for these properties. 

These effective parameters are : 

a) the magnetic field strength i/ e , 



♦Electrotcchnical vocabulary: Part XII Ferromagnetic oxide materials. 
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b) the induction B e , 

c) the effective permeability /n e , 

d) the magnetic path length / e , 

e) the cross-sectional area A e , and 

f ) the core volume V e . 

3.2 It is possible to calculate the effective parameters from the core dimen- 
sions and material properties when the following two assumptions are made: 

a) In every cross section of the core the flux is the same (so there is no 
flux leakage), and 

b) The flux is uniformly distributed over the cross section. 

3.3 When using the effective parameters to calculate the hysteresis losses, 
the Rayleigh expression given below shall be valid: 

£ = fr t +vfi)H± \ (A»-H«) 

3.4 When the effective parameters arc used the general magnetic circuit 
equations for a core of arbitrary geometry become simpler, as follows : 



* 



Hdl=M 


becomes H e l e ~Ni 


<f> = J BdA 
A 


becomes <f> —B G A e 


P*=f)dV& II dB 
V J 


becomes Ph—f V* u) H 



dB 



tan 8 h 



3.5 With the aid of £■- JV? and -^=>?b ^e, the following expressions 

t He 

may be derived, which may be used to calculate the effective parameters. 
For practical reasons, the dimensional parameters are normally expressed in 
millimetres, so that the appropriate power of 10 appears in the electro- 
magnetic equations : 

C x = E -r (see Note) 
A 

i - 91. 





C 2 E j2 


A -^ 

2 


V e = /e A e ^ 


6 "av 10 6 


Me = — — 
PrA 


Be = — r~Tr ( For 
w A e jv 


sinusoidal voltage only) 
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For cores and parts of cores with cross-sectional area which changes 
continuously along the magnetic path length, the summation of the above 
equations may be replaced by an integration. 

With these effective parameters, the self inductance and the hysteresis 
losses may be. calculated according to : 






rjQ <P / iL ^ e 3 



The equations also hold true for a core with small air gap. This air gap 
is taken into account by the calculation of /x e . 

Note — Sometimes the permeance factor c -y? 10" 8 (in henries) is used mainly to 
calculate the effective permeability from the inductance factor. 

4. CALCULATION OF EFFECTIVE PARAMETERS 

4.0 The formulae for the calculation of the effective parameters of various 
types of cores are given in the following clauses. 

4.1 Uniform Toroid 

4.1.1 The shape of the uniform toroid is shown in Fig. 1. 





-r 3 (4X) 




Kh-H K-h-H 

Fig. 1 Uniform Toroid 

4.1.2 The effective parameters are calculated as follows: 
2tt 



•'3 UX) 



a) C 1= 



A© loge — 



mm- 
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2 



V r \ HI 



b) C^ HI ILL mm- 

h* log e 3 h. 

1 1 



where 



1) For toroids of rectangular cross section with sharp corners: 

2) For toroids of rectangular cross section with an apprecia- 
ble average rounding radius r 3 : 

a / n l\ i ° 858 4 r » a 

/'(>Y~>'i) 

3) For toroids of trapezoidal cross section with sharp corners : 

/i(tan<4-tanj8) 
A e ^(l-* 2 ) h~ 2(/g _ ^^ 

4) For toroids of trapezoidal cross section with an apprecia- 
ble average rounding radius r 3 : 

h^h(\~ k,-k 2 ) 

4.2 Pair of U-Cores of Rectangular Section 

4.2.1 This type of core is shown in Fig. 2. 

4.2.2 The effective parameters are calculated as follows : 

a) Length of flux path associated with area A 2 : 

b) Mean length of flux paths at corners : 

1) / 4 W 4 + /* 4 — J-(M-A) mm, and 

2) /,-/',+/', =~ (s+h) mm. 

c) Mean areas associated with / 4 and / 5 : 

1) A i == dl+4 mm*, and 

2) /i 6 =- ^2 mm ». 

d) Q^Z 1 ^ mm- 1 , and 
/. 



e) Q=^-jr'i™ 
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AREA A* 



AREA A 3 



SECTION X-X 




AREA A, 



SECTION Y-Y 

Fig. 2 Pair of U-Cores of Rectangular Section 

4.3 Pair of U-Cores of Rounded Section 

4.3.1 This type of core is shown in Fig. 3. 

4.3.2 The effective parameters are calculated as follows : 

a) Length of flux path associated with area A 2 : 

b) Mean length of flux path at corners : 
1) U^l\+l\^j{p\h) mm, and 



2) / 5 = /' 6 +/>r(H^)mm. 
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c) Mean area associated with / 4 and / 5 : 

1) 4 4 =^i±! 2 mm*, and 

2) ^ i= 4+4 mm '. 

5 U 

d) Ci= 2:7 mm- 1 , and 

c) c 2 ^i:A mm -3. 

Note — In calculating 4 2 ignore any ridges introduced for the purpose of facilitat- 
ing manufacture. 
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-AREA A3 
SECTION X-X 
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AREA A 2 



w 




SECTION Y-Y 
Fio. 3 Pair ok U-Cores of Rounded Section 
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4.4 Pair of E-Cores of Rectangular Section 
4.4.1 This type of core is shown in Fig. 4. 

1^ 
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AREA A, 



SECTION X-X 




AREA A 2 



SECTION Y-Y 
Fig. 4 Pair of E-Cores of Rectangular Section 

4.4,2 The effective parameters are calculated as follows : 

a) Area of half the centre limb : A. A . 

b) Mean length of flux path at corners : 

1) U^(P+ h ) mm, and 



2) l h = \{s+h) mm. 



c) Mean areas associated with l A and t h , 
1) A<— g 



- * * mm*, and 
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2) A h - 



A«+A. 



mm' 



3 t\ 

d) CV-- S --— mm -1 . 


and 


c) Q-r^mm-3 





4.5 Pair of £ -Gores of Rounded Section 
4.5.1 This type of core is shown in Fig. 5. 
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SECTION X-X 



iK 



LH 



AREA A 2 



SECTION Y-Y 

Fig. 5 Pair of E-Cores of Rounded Section 
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4.5.2 The effective parameters are calculated as follows : 
a) Area of half the centre limb : 
A%=A 3 +^4" 3 
The condition to obtain A f z =A" z is : 
^=0-595 9 s 
bj Mean length of flux path at corners : 

!) U— Q-iP+h) mm, and 

2) ^(2^+A) mm. 

c) Mean areas associated with / 4 and / 5 : 

1) A^^p**mm* y and 

2) ^^±4 mm2 . 

5 /i 

d) a^S—r mm- 1 , and 

i A{ 

C) ^^f^mm^. 

4.6 Complete Pot-Gore 

4.6.1 This type of core is shown in Fig. 6. 




-AREA A*j 



AREA A', 




4rea A 7 , 



SECTION X-X 
Fio. 6 Complete Pot-Core 



AREA A*I 
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4.6.2 The effective parameters arc calculated as follows : 

a) Area of outer ring : 

A X =A\ +A\ 
The condition to obtain A\=A'\ is : 

b) Area of centre limb : 

A 3 = A ' 3 -f- A" z 
The condition to obtain A' z ~ A" 3 is : 



, _ r _ J r L±ll 

s x -- r 2 — y 2 

c) Area of ring : 

A^tt (ri—r 9 ) (r 4 +r 8 ) mm* 
For two plates : 
in k * 1 '3 0-733 0. r 3 , . 

1} -£ = dT loge 77 " -T- lo *» T 2 mm " l « and 

7 A^ 2 tt 1 h 2 r z r 2 

d) Area of centre limb : 

i4 8 =*r fa— r x ) fa+ r i) m™ 2 - 
c) Mean length of flux paths at corners : 

1) / 4 =/' 4 +r 4 « JL (2s t +h) mm, and 

2) / ft =/',+/%~ -J (2j x +A) mm. 

f) Areas associated with / 4 and / 5 : 

1) A^ fa 2 -'a 2 +2 r 3 /i) mm*, and 

2) A^ J fa«-V+2 r,A) mm*. 

5 / 

g) C x ~£ ~ mm" 1 , and 

1 ^i 

h) C a =27 -J* mm- 3 . 

Note — This calculation ignores the effect of slots which may be taken into 
account by the following corrections: 
From A x subtract n g (r A —r 8 ) 

Multiply ■—. by 



A * l _ ng 

2ir r % 
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Multiply /-, by / n g \ 
Multiply A x by 1 



where 






n — number of slots, and 
g — slot width. 

4.7 Complete Gross-Gore (X-Core) 

4.7.1 This type of core is shown in Fig. 7. 




x-l 




X-core with rounded legs X-core with straight legs 
SECTION X-X 

Fig. 7 Complete Cross-Core (X-Core) 

4.7.2 The effective parameters are calculated as follows : 
a) Area of centre limb : 
A^ A'z+A\ mm 2 
The condition to obtain A\~A". 6 is 



-r, - J'i 



+ tf 



mm 



b) Total area of the leg: 

1) For cores with rounded legs 



VW—c 2 180 



l "w r * 2 ) mm2 



where «c=arc*sin 



In 
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2) For cores with straight legs : 

A=4 IK V2 ~ »r 4 * • JL - |v/(4r 4 * - A«) - I («»+*»)} mm* 

where £— arcsin ,-r— 
2r 4 



c) Core factors associated with / 3 
1 ) For cores with rounded legs : 

k. - 66 ,_ 2r 4 
A 2 ~/z(45~<| 



iogio— ~ mm ~ y 



mm 



/t _ ' r_2_ n 

2) For cores with straight legs : 
/ 2 -/' 2 + /" 2 -2 (r A -rJ nun 
v4 2 ~=4*67i mm 2 

d) Area of centre limb : 
A%-=tt (rJ — r x 2 ) mm 2 

e) Mean length of flux path at corners : 
l^l\+l\ =, -J- [ A ...... ^ J r< (V2-1) -j« } ] 



mm 



.[4 + ,.-v^] 



/»■--- /', + /% =■ -J-l -^ !'- »".- \/ ^P*- I mm 



f) Sum of areas associated with / 4 : 
1 ) For cores with rounded legs : 



(t r ■ irh ' r * iw) 



mm* 
ltfu J 

c 



2r„ 



where <c -- arcsin 

"'A 

2) For cores with straight legs 



where ft ^-- arc/sin 



mm- 



2r 4 
g) Sum of areas associated with / 5 : 

A ~ "f- W— r i 2 ) + ^ * Vnim 2 
h) Length of flux path in ring joining the central limb : 
W.+/\=2 fa-'*) mm 
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j) Core factors associated with /, : 

,. /- 0-733, r. . , 

1) -f- = — r* lo 8io ~ mm- 1 , and 



A 



k) C, 



2) A.^_l_f±__L > ) 



mm" 



i ^i 



mm" -1 , and 



6 L 
m) C 2 = 2 -— mm- 8 . 
; 2 i ^i 



4.8 Complete Square-Gore (RM Gore) 
4.8.1 This type of core is shown in Fig. 8. 






m 







l max s ('max* l*max 



Fig. 8 Complete Square-Core (RM Core) 
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4.8.2 The effective parameters are calculated as follows : 

a) Total area of the leg : 

A x =\ a* {l+tg 08-45)} -"V-jgg- ~iP 2 mm« 

b) Core factors associated with / 2 : 



A t CXnXk 



(k-±)*' 



J* 

Af 2 (CxirXh)* 

where 

/, = /', + /', 

Jmln+^max 



/ = 



2x/min 



J « 

Note — Surfaces A, and A H may be determined either by calculations or by 
measurement, for example, using a planimeter on a ten-time enlarged drawing 
of the core. 

c) Area of centre limb : 
Az = it (r 2 2 — r x *) mm a 

d) Mean length of flux path at corners and mean areas associated 
with these : 

/ 4 = ? t + l\ = -J.(A + * a - r.) 

A l ~l[A l + 2nr 3 kx ^j 

U = *". + '*• = -J- (2r, + A - y'2r 1 « + 2r,») 

A = -J- W - r i 2 ) + »•'•■*• T^jf 

5 /, 

e) C x — £ -j- mm -1 , and 

i A i 

5 /, 

i ^i 
Note — This calculation ignores the effect of spring recesses and stud recesses. 
These may have a considerable influence, specially for smaller cores. 

17 



INDIAN STANDARDS 

ON 

MAGNETIC COMPONENTS AND FERRTTE MATERIALS 



IS: 

1 1 76-1969 Dimensions for aerial rods and slabs made of ferromagnetic materials 

1885 (Part XII) -1966 Electrotechnical vocabulary: Part XII Ferromagnetic oxide materials 

1885 (Part XXXI)-1971 Electrotechnical vocabulary: Part XXXI Magnetism 

6077 (Part I)- 1971 Permanent magnets: Part I General requirements and tests 

6235-1971 Dimensions of pot-cores made of ferromagnetic oxides and associated parts 

7416 (Part I) -1974 Dimensions for TV ferrite components: Part I Cores for deflection coil 

7430-1974 Dimensions of screw cores made of ferromagnetic oxides 

7431 (Part I)-1974 Tests for magnetic properties of ferrite aerial rods: Part I For long and 
medium wave receptions 

7489-1974 Dimensions of cross-cores (X-cores) made of ferromagnetic oxides and associated 
parts 

7527-1974 Dimensions of loudspeaker magnets 

7616-1974 Guide for calculation of the effective parameters of magnetic piece parts 



PUBLICATIONS OF INDIAN STANDARDS INSTITUTION 



INDIAN STANDARDS 

Over 6000 Indian Standards covering various subjects have been issued 
so far. Of these, the standards belonging to the EJectrotechnical Group 
fall under the following categories: 



Acoustics and acoustical measure 

ment 
Automobile electrical equipment 
Batteries 

Cinematographic equipment 
Conductors and cables 
Domestic electrical appliances 
fitectrlc welding equipment 
Electrical installations, codes 

practice 
Electrical instruments 
Electron tubes and valves 
Electronic components 
Electronic equipment 
Environmental testing procedures 
Fans 

Flameproof electrical equipment 
High voltage techniques 
Illuminating engineering 



Instrument transformers 
Insulating materials 
Insulators and accessories 
Integrating meters 
lamps and lamp accessories 
lifts and escalators 
lightning arresters 
Motors and generators 
of Nomenclature and symbols 
Power capacitors 
Power converters 
Relays 

Rotating machinery 
Semiconductor devices 
Swfrtchgear and controlgear 
Transformers and reactors 
Winding wires 
Wiring accessories 
Unclassified 



OTHER PUBLICATIONS 



ISI Bulletin {Published Every Month) 

Single Copy 

Annual Subscription 
Standards: Monthly Additions 

Single Copy 

Annual Subscription 
Annual Reports (from ) $48*49 Onwards) . 
ISI Handbook, 197$ 



Rs 


4*00 


Rs 36 0? 


Re 


040 


Rs 


3*00 


Rs 2-00 to 


6«oo 


Rs 30*00 



INDIAN STANDARDS INSTITUTION 

Manak Bhav*n, 9 Bahadur Shah SKafar Maffc NEW OEIHI 1 10001 



Telephone : 27 01 31 { 00 lines ) 

Regional Offices: 

Western : Novelty Chambers. Grant Road 
Eastern : 5 Chowrlnghee Approach 
Southern : 54 General Patters Road 

trench Offices: 

f Pusnpak\ Nunrtohamed Shaikh Marg, ^hfcnpur 

*P Block. Unity ftidg, Nnrasi«»hAraJa ^Sqiiflb 

Kothi No. 90, Sector ItoJfl ,"-> ^^ 

$-$-5*757 Namp*l*v Stttrfjfc** 

1 17/418 jSSarv <*m to&#> , 

B,CX Bidg {mrjBoor), GandH Mafdan East 



Telegrams: Manaksanstha 

Telephone 

BOMBAY 400007 37 97 29 

CAICUTTA 700072 23-08 02 

MADRAS 600002 8 37 81 



AMptSpA&AQ 380001 2 03 91 

lAiaaAlOfte S60002 2 76 49 

O|*N0«ARH , 2 83 20 

$TC»fcfeABAD 5Q00OT 4 57 it 

YfamM 20800$ \ 82 72 

PAtNA 8P0004 2 $6 $5 

ftiftW^et $w Sareiiw^l^ i:i«ilr Cattutu 700 009 



